Purpose Aim of this study was to investigate the association between congenital malformations and type of conception (spontaneous or medically assisted). Methods This is a population based study using data from the regional data base of Lombardy, a Northern Italian Region with a population of about 10 million inhabitants. Included in the study were 277,043 neonates born in Lombardy during the study period 2010-2012. Adjusted and unadjusted odds ratios (OR), and corresponding 95 % confidence intervals (CI), of congenital abnormalities were calculated using unconditional multiple logistic regression. Results A total of 7057 births (2.5 %) were reported after non spontaneous conception. Overall, the frequency of birth defects was 4.4 % among births after spontaneous conception and 6.7 % among births after non spontaneous ones (OR= 1.67, 95%CI=1.5-1.9). The association disappeared after taking into account the confounding effect of maternal age and factors associated with non spontaneous conception. The crude OR of abnormalities was higher than unity for any defect (OR=1.67, 95%CI=1.5-1.9), multiple defects (OR=1.76, 95%CI=1.3-2.3), cardiovascular (OR=2.05, 95%CI=1.8-2.4), musculoskeletal (OR=2.05, 95%CI=1.7-2.5) and metabolic system abnormalities (OR=1.97, 95%CI=1.1-3.5). Almost all these associations, however, disappeared after taking into account potential confounding with the exception of musculoskeletal defects (adjusted OR=1.31, 95%CI=1.1-1.6). In this case also, if adjustment for multiple comparison is taking into account, results did not reach statistical significance. Conclusions The results of this analysis confirm the recently emerging view that the increased frequency of birth defects observed after ART/medically induced ovulation only is largely due to confounders.
Introduction
During the last decades several studies have shown an increased risk of birth defects after assisted reproductive techniques (ART). Most recent meta-analyses suggest a 30-40 % increased relative risk [1] [2] [3] . Subgroup analyses by organ system suggest that this increase particularly involves genital and cardiac malformations [4, 3] , neural tube defects, alimentary atresia, omphalocele and hypospadias among new born infants conceived by in vitro fertilization (IVF) [5, 6] .
Part of this association has been attributed to the characteristics of infertile patients. First of all, infertile patients are older than mother of spontaneous conception [7, 4] . Further, it is conceivable that some causes related with infertility may also be linked with the risk of birth defects. For example, infertility is associated with abnormal sperm parameters and in turn men with azospermia or oligospermia have constitutional chromosomal abnormalities that may contribute to the development of birth defects [8, 9] . Along this line, the frequency of birth defects has been shown to be increased among women who conceived spontaneously after a history of infertility [10, 11, 3, 4] .
Capsule We conducted a population based study, using data from the Lombardy (Northern Italy) regional data base, to investigate the association between congenital malformations and type of conception (spontaneous or medically assisted). The results confirm the recently emerging view that the increased frequency of birth defects observed after ART/medically induced ovulation only is largely due to confounders.
Another topic of discussion is the different potential role of IVF or introcytoplasmatic sperm injection (ICSI) on the risk of birth defects.
A recent pivotal population based cohort study conducted in Australia has confirmed an increased risk of birth defect after assisted reproduction, but it has also suggested that the risk of birth defects associate with IVF, but not after ICSI, was explained by parental factors in multivariate analysis [4] . Overall, the argument remains open and deserves further investigations [3] . Noteworthy, the protocols used for assisted reproduction markedly vary worldwide and is continuously evolving. Furthermore, it has to be pointed out that the vast majority of evidence on the relationship between ART and birth defects were drawn from Northern Europe and Australian studies. This is undoubtedly a scientific pitfall considering that the frequency of birth defect varies worldwide [12] and we cannot exclude that ART may impact differently.
In this paper we analyzed the association between assisted reproduction/medically induced ovulation only and birth defects in Lombardy, Italy, an area of about 10 million inhabitants.
Material and methods
In Lombardy, a standard form is used to register all births and neonatal discharges from public or private hospitals. All admissions and discharges are codified according to the International Classification of Diseases 9th edition-Clinical Modification (ICD-9-CM), Italian version. For all deliveries, information is available for maternal age, maternal country of birth and reason for admission. Neonatal information includes live birth/stillbirth status, sex, congenital abnormalities detected at birth or within the period of hospital admission (mean= 4.3 days, SD=7.1, median=3.0, range=1-419). Diagnosis of congenital abnormalities are coded according to the International Classification of Diseases 9th edition-Clinical Modification (ICD-9-CM), Italian version, including structural abnormalities, biochemical abnormalities and those that are chromosomal or otherwise genetic (codes are reported in Table 2 ). Minor defects are not generally coded and in any case any defect diagnosed after hospital discharge of the neonate is not included. Further at delivery, a specific form is filled by midwifes including information on pregnancy on maternal characteristics type of conception (spontaneous/non spontaneous (i.e., after ART or medically induced ovulation only)), course of pregnancy, delivery and maternal outcome at birth (CedAP data base). This form also includes information regarding neonatal congenital malformation (classified as in the neonatal discharge form, see above). Data from this data base have been linked with the hospital discharge data base in order to obtain detailed information on delivery, pregnancies and maternal and paternal characteristics including type of conception. No information was available on elective terminations of pregnancy for fetal anomaly.
Information on abnormalities was present in both data base. The one of hospital discharge data base was preferred, and used in the analysis, because collected by physician with the aim of obtaining regional reimbursement. This was warranty of quality and completeness. In 288 cases (0.1 %) a birth defect was present in CedAP data base but not in hospital discharge data base. In this case also we considered information contained in hospital discharge data base.
The frequency of birth defects among births after spontaneous or non-spontaneous conception was computed in the total series and separately according to type of ART (IVF and ICSI) or medically induced ovulation only and in strata of selected factors. Chi-square test of heterogeneity was computed to evaluate associations between mode of conception and characteristics of mother and newborn. Odds ratios (OR) and corresponding 95 % confidence intervals (CI) of congenital abnormalities were derived using unconditional multiple logistic regression, fitted by the method of maximum likelihood [13] . Factors included in the model are those statistically associated with the type of conception and are listed in the footnote of the tables. This is a population based study using data from the regional data base of Lombardy, a Northern Italian Region with a population of about 10 million inhabitants [14] . Table 1 shows the distribution of births after spontaneous and non-spontaneous conception observed in Lombardy during the study period 2010-2012, for a total of 277,043 births according to selected factors.
Results
A total of 7057 births (2.5 %) were reported after ART/ medically induced ovulation only. Techniques used were medically induced ovulation only (n=450, 6.4 %) intrauterine insemination (IUI) (n=643, 9.1 %), IVF (n=2194, 31.1 %), ICSI (n=3005, 42.6 %) and others-unspecified (n=765, 10.8 %).
In comparison with women who conceived spontaneously, mother who conceived non spontaneously were older, more educated and more frequently Italian citizen (P<0.001). The father of the child was more frequently older and more educated.
The mean number of ultrasound examinations during pregnancy was 4.7 (SD=2.1) in case of spontaneous conception and 6.3 (SD=2.4) after non spontaneous conception.
Amniocentesis and chorionic villus sampling during pregnancy were more frequently performed after ART/medically induced ovulation only (p<0.0001). However, the difference in amniocentesis frequency was totally explained by the older maternal age at conception after ART/medically induced ovulation only (p-value=0.2630). While, for chorionic villus sampling, the association was statistically significant also after adjustment by maternal age (p<0.0001). Considering older mother, both examinations were performed more frequently after spontaneous conception (p-value=0.0151 considering mothers aged 35 years or more for amniocentesis and pvalue=0.0001 considering mothers aged 40 years or more for chorionic villus sampling). A pathological course of pregnancy was more common in women who conceived non spontaneously (p<0.0001).
The frequency of multiple births and female births was higher after non spontaneous conception (p<0.0001 and p= 0.0237 respectively) ( Table 1) .
The mean time at discharge was 4.2 days (SD=6.7, median=3.0, range=1-419) after birth for neonates from spontaneous conception and 8.0 (SD=14.0, median=4.0, range=1-365) after non spontaneous ones.
Overall the frequency of birth defects was 4.4 % among births after spontaneous conception and 6.7 % among births after non spontaneous ones ( Table 2 ). The corresponding OR was 1.67 (95%CI=1.5-1.9). The association disappeared after taking into account the confounding effect of maternal age and factors associated with non spontaneous conception in Tables 1 and 2.
The crude OR of abnormalities was higher than unity for any defect (OR=1.67, 95%CI=1.5-1.9), multiple defects (OR = 1.76, 95%CI =1.3-2.3), cardiovascular (OR = 2.05, 95%CI=1.8-2.4), musculoskeletal (OR=2.05, 95%CI=1.7-2.5) and metabolic system abnormalities (OR=1.97, 95%CI= 1.1-3.5). Almost all these associations however disappeared after taking into account potential confounding with the exception of musculoskeletal defects (adjusted OR = 1.31, 95%CI=1.1-1.6) ( Table 2 ). In this case also, if adjustment for multiple comparison is taking into account, results did not reach statistical significance. Table 3 shows the odds ratio for any birth defects according to type of non-spontaneous conception and multiplicity. All adjusted odds ratios estimates were not statistically significant.
Discussion
A potential main limitation is the quality of information reported in routine statistics on type of conception and diagnosis of malformation. With regard to the type of conception the frequency of birth after ART reported in the regional data base is largely consistent with the data reported in the Italian Registry of ART [15] . Further, the type of non-spontaneous conception is also consistent with the available data on the clinical practice in Lombardy.
The diagnosis of malformation is based on information available at discharge of the new born. Thus no data are available on malformation that can be diagnosed later in life. With this limitation, the prevalence of malformation reported in the total population is largely consistent with data reported from registry of malformation placed in area included or close to the area considered in this analysis. 
OR ( Further in this study, we observed the well-recognized association between older maternal age and risk of birth defects.
In any case any analysis was conducted in the same data set in comparative terms, thus any misclassification should tend to reduce the observed associations.
Further, it is possible that a higher frequency of birth defects are cause of spontaneous or early induced abortions among fetuses after non spontaneous conception. We have no information from this data set on the number of spontaneous or early induced abortion among pregnancies after spontaneous or non-spontaneous conception. Of particular relevance here is that in our analysis no information on pregnancies terminated because of birth defects before the 180th day of gestation was available. In Italy, terminations of pregnancies before this legal limit are actually considered abortions and no information in these cases are available on the type of conception. This is a potential important limit since it is conceivable that after non spontaneous conception couples may be more closely followed regard the risk of congenital defects. Accordingly, the frequency of invasive procedures is higher among pregnant women after non spontaneous conception (this differences however was totally explained by the older maternal age). Thus, it may be argued that congenital malformations may be more frequently detected among pregnant women after non spontaneous than after spontaneous conception. On the other hand, we observed that the number of ultrasound examinations was higher in pregnancies after non spontaneous conception. The probabilities of diagnosis of late birth defects should consequently be potentially higher in this group. Further, it is possible that a higher frequency of birth defects are cause of spontaneous or early induced abortions among fetuses after non spontaneous conception. We have no information from this data set on the number of spontaneous or early induced abortion among pregnancies after spontaneous or non-spontaneous conception.
In any case this bias should tend to enhance rather than lower the potential association between non spontaneous conception and congenital defect risk.
With regard to potential confounders, we had the opportunity of taking into account the effect of maternal and paternal age and education. Unfortunately we have no information on time to conception in couples who conceived spontaneously.
Among the strengths of this study we should considered the population based design and the large sample size. Moreover, to our knowledge, this is the first contribution from Southern Europe and refers to a recent historical period (2010) (2011) (2012) .
The general results of this study confirm previous findings of an increased frequency of birth defects among babies born after ART [1] [2] [3] . The risk, however, disappeared after taking into account in the analysis the effect of maternal age, parity, citizenship, education and multiple pregnancies. In our analysis also no differences emerged between FIVET-ICSI and other procedures. This finding is not totally consistent with previous data. It has been indeed suggested, although not consistently, that ICSI procedure may increase the risk of birth defects [7, 16] . In a large analysis from Australia that has included information from 139 defects after ICSI, the risk of birth defects after ICSI was 1.57 (95%CI: 1.30-1.90) after taking into account potential confounding factors. It has also been suggested that this effect is biologically plausible. On the other hand, as previously alluded, characteristics of couples which undergo ICSI may be different from those treated with FIVET [4] . Along this alternative view, in our population no differences emerged between women treated with ICSI and FIVET according to factors considered in Table 1 .
In the previous quoted Australian study an increased risk of congenital malformations was observed after induction of ovulation at home with clomiphene citrate and intrauterine insemination [4] . Similar results emerged from case-control studies [4] . Lacking of a clear biological explanation of these findings, caution should be considered in the interpretation of these results.
Subgroup analyses documented an increased risk for musculoskeletal abnormalities in our study. This finding is surprising. Noteworthy, based on previous literature, a possible concern emerging from previous organ system analyses relates to hypospadias and cardiac defects [4, 3] . Considering this evidence, the absence of any biological rational for identifying an isolated increased risk in musculoskeletal abnormalities and the absence of a statistically significant associations when considering all birth defects together, we concluded for a type 1 error.
Even if some initial studies suggested that the risk of congenital malformation after IVF-ICSI is higher in twins compared to spontaneous twin pregnancies, this has not been subsequently confirmed [17, 2] . A confounder here is that birth defects are increased per se in twin pregnancies, in particular if monozygotic [4, 2] . Adjusting for multiple pregnancies is thus crucial. No differences in the frequency of birth defects between spontaneous and ART related twins emerged from our analysis.
In conclusion the results of this analysis confirm the recently emerging view that the increased frequency of birth defects observed after ART/medically induced ovulation is largely due to confounders.
